Objective: The aim of this study is to investigate the association between mental health treatment patterns and risk of injuries among a Western Australian male birth cohort. Method: A population-based birth-cohort of males born between 1980 and 1984 in Western Australia was followed up using linked health data. Results: Participants with mental health conditions were at an increased risk of injury. Those with a continuous mental health treatment pattern without interruption or window periods had lower risk of injury compared to those with treatment interruption or window periods. The adjusted incidence rate ratios (95% confidence interval) for injury among participants: 1) without a mental condition; 2) with a previous mental condition; 3) with a mental condition in the last four years and without interruption in their mental health treatment; and 4) with a mental condition in the last four years with interruptions in mental health service, were 0.38 (0.35 -0.40), 0.77 (0.71 -083), 1.0 (reference group) and 2.06 (1.72 -2.47) respectively. Conclusion: Increasing resources for mental health services and enabling sufficient continuous mental health services and follow-up may reduce the risk of injury among populations with mental health conditions.
INTRODUCTION
The association between mental illness and risk of intentional and unintentional injuries has been investigated in a number of studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Findings are largely consistent, suggesting that patients with mental conditions are at an increased risk of both intentional and unintentional injuries [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Mental illness has been shown to be highly prevalent in various cultures and mental health services are often unable to meet treatment needs [11] [12] [13] [14] [15] [16] . Moreover, it is possible that risk of injury among populations with mental illness may be influenced by availability and adequacy of mental health services. There is limited data, however, on the potential beneficial effects of mental health service provision on injury prevention. A clearer understanding of the potential link between mental health services and injury among populations with mental illness may enable implementation of evidence-based and potentially cost-effective prevention strategies in the future.
As is the case in many other parts of the world, mental disorders are common among the Australian population [17] . Mental health services in Australia have been improved overtime, but some have argued that limited funding has affected the sector's ability to meet demand [15, [17] [18] [19] [20] . Continuous service improvement can further reduce the burden of mental disorders, however, it is also important to investigate whether co-morbidities, such as injuries, which are partly due to mental illness, may also benefit. Therefore this study aims to investigate the association between mental health treatment patterns and risk of injuries among a Western Australian male birth cohort.
METHOD
This study was a population-based birth-cohort study of males born between 1980 and 1984 in Western Australia (WA) using linked health data available through the Western Australian Data Linkage System (WADLS) [21] . Males were identified using birth registry records and observed from age 12 yrs to December 31st, 2009 or death, which ever occurred first. Thus, consecutive years of follow-up ranged from 13 to 17 years. As a typical starting point for adolescence, age 12 yrs was designated the starting point for follow-up [22] .
Demographics (year of birth, age of parents, residential location), hospitalizations for physical health conditions (before 12 yrs and during follow-up period) and records of mental health conditions (before 12 yrs and during follow-up period) for the cohort were obtained from a range of sources and linked by the WADLS. Data sources included: 1) Midwives Notifications Data; 2) mental health service records from the WA Mental Health Ambulatory Data System; 3) WA Hospital Morbidity Data System; 4) Birth Registry Data; and 5) Mortality Data. Participants who died before the end of follow-up period (Dec 30th 2009) were identified from WA Mortality Data records. The Midwives Notifications Data covered all births attended by a registered midwife (more than 99% of all births) and the WA Hospital Morbidity Data System included separations from all WA public and private acute hospitals [21] . The reliability and quality of these linked data have been confirmed previously [21] .
The WA Mental Health Ambulatory Data System and the WA Hospital Morbidity Data System included all hospitalization records from WA public and private psychiatric hospitals and all attendances at public psychiatric outpatient clinics [21] . In both databases, diagnoses of all mental disorders were coded with either ICD-9 codes (209-319) or ICD-10 codes (F00-F99), including for instance, mood disorders, anxiety disorders, substance related disorders, personality disorders and schizophrenia. In this study, mental health care services and treatments were defined as health care services that were provided to treat mental disorders. Mental health services and treatments provided in all WA public and private psychiatric hospitals and at public psychiatric outpatient clinics over the observation period were included in this study. For outpatient services, episode start and end dates were used to define the mental health service interval; for episodes without an end date, the date of the last contact recorded for the same episode was taken as the end date. In the Hospital Morbidity Data, diagnosis was coded using ICD-9 for the period 1979-1999 and ICD-10 from 1999-2009. Injury diagnosis codes: ICD-9 codes (800 -995) and ICD-10 codes (S00-S99, T00-T98, V00-V99, W00-W99, X00-X59) were used to identify injury cases that resulted in hospitalization: including but not limited to dislocation, sprain, strain of joints and ligaments; injury of muscle and tendon, superficial injury; open wound, burns and corrosions; fracture.
To control for potential confounding effects of socioeconomic status, residential location (Local Government Area, LGA) at birth was coded according to the Australia Bureau of Statistics' (ABS) Index of Relative Socio-Economic Disadvantage (IRSED) and Index of Education and Occupation (IEO). IRSED is a general measure of economic disadvantage of residential families in an area and the IEO is a general measure of the proportion of residents with higher levels of education and skilled occupations in an area [23].
Statistical Analysis
In this study, the association between mental disorder and injury was assessed for each year of follow-up. Person per unit data was first converted into person-years per unit data. Each person-year unit was defined by unique linked ID and the age of the person at the time the person-year was observed. Demographic data in the Midwives Notifications Data, mental disorder records from WA Mental Health Ambulatory Data System and WA Hospital Morbidity Data, records of injury hospitalization in the WA Hospital Morbidity Data, and Mortality Data from the WA Mortality Data were extracted linked to its related personyear unit. Multivariate Poisson regression models were employed to estimate incidence rate ratios (IRR).
Mental health service care was measured in two ways. 1) Recent use of mental health service; use of a mental health service in the last four-year-period (separate coding for each year, thus a total of 16 combinations (2 to the power of 4). Use of a mental health service was coded separated for each of the past four years for each person-year unit. 2) Previous use of a mental health service: use any mental health service from birth until four years ago was coded as (0 no, 1 yes).
Each model included/controlled for recent use of mental health service, previous use of mental service, calendar year of birth, IRSED and IEO for residential location at birth and age. Analysis was further repeated separately for: 1) 12 -19 yrs (adolescence phase); and 2) 19 yrs to end of follow-up (adulthood). Post hoc analyses were performed to further investigate the variations of injury risk.
Ethics
Ethical approval for this study was obtained from the Department of Health, Government of Western Australia, Human Research Ethics Committee (DOHWA HREC).
RESULTS AND POST HOC ANALYSIS
The risk of injury was lowest among participants without records of mental disorders, which was indicated by strata id: 1 ( Table 1) . It was also observed that the risk of injury varied by different patterns of mental health service use. For example, for both strata 4 and 6 use of mental health services were observed in two out of the last four years, however, for strata 6 the treatment pattern was discontinuous with a "window" period, while for strata 4, the treatment pattern is continuous. The IRR was higher for strata 6 comparing to strata 4. Similar differences in relative risks were also observed when comparing treatments without "window" period to those with "window" periods. In Table 2 IRR for treatment patterns shown in Table 1 were displayed based on the orders of the following new categories: 0, without use of mental health service; 1, with use of mental health service for only one year in the last four years and/or with use of mental health service 4 years plus ago; 2, with use of mental health service in 2 or more years in the last four years without any window period; 3, with use of mental service in 2 or more years in the last four years with window period. The IRR for group 3 were generally higher than those in groups 2 and 1 ( Table 2) . Therefore a post hoc analysis was performed to compare the three new combined groups. Multivariate Poisson regression model was used adjusting for all variables as the initial Poisson model. Analysis was further repeated for periods of 12 -18 yrs and 19 yrs+ separately. Results of post-hoc analysis are shown in Table 3 . Mental health service with window periods was associated with increased risk comparing to mental health service without window periods when analyses were performed for the whole follow-up period as well as for separated periods 12 -18 yrs and 19 yrs+.
DISCUSSION
In this study, the association between use of mental health service and risk of injury were examined in a population-based male cohort study. Consistent with findings from previous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , it was observed that participants with mental health conditions and who required mental health services were at an increased risk of injury. It was also observed that continuous mental health treatment pattern without interruption or window periods was associated with lower risk of injury compared to those with treatment interruption or window periods. To the best of our knowledge, there is no published data on mental health treatment patterns in relations to overall injury risk.
As discussed above, mental disorders can be risk factors for both intentional and unintentional injuries, and thus effective treatment of mental illness may reduce the risk of injuries. In Australia, as well as many other countries, the gap between demand and supply of mental health services remained, though some improvement has occurred in the last few years [15, [17] [18] [19] [20] . Inadequacy of mental health services may also be one of the causes of hospitalizations for injury, providing sufficient funding to fully meet the demands of mental health services may therefore further reduce the burden of injury on the health care sector while promoting mental health. Nevertheless some patients with mental disorders may miss follow-up appointments and drop out of treatments frequently. Innovative programs and resources to improve follow-up as well as to provide additional supports are required to reduce the risk of injury among patients with mental conditions [24] [25] [26] .
Limitations
The main limitation of this study is that it only includes males so the association observed should be further tested in a population-based female cohort. In this study, we excluded records of intentional injuries from the analysis; however, misclassifications between intentional injuries and unintentional injuries have been common in clinical practice. Therefore we could not assume that all intentional injuries were excluded. 
CONCLUSION
In this study, it was observed that mental health treatment patterns interrupted with window periods was associated was increased risk of injury compared to continuous treatment patterns. Increasing resources for mental health services and enabling sufficient continuous mental health services may reduce the risk of injury among populations with mental conditions.
